ABSTRACT: Waterborne polyurethane (WPU) emulsions were prepared with Tung oil monoglyceride (TOM) as modifier via the acetone process. The water absorption, emulsion particle size, thermal and mechanical property of the Modified WPU were investigated. The experimental results show that the modified WPU emulsion particle size increases along with the growth of weight content of TOM. Compared with the unmodified WPU emulsion film, water absorption of the modified WPU emulsion film has decreased significantly, indicating that water resistance is remarkably improved after the modification. Tensile test shows that the tensile strength of the modified WPU emulsion film increases with the content of TOM while the reverse is true for the elongation at break. The characteristic thermo-decomposition temperatures of WPU have been increased notably after modification by the introduction of TOM which indicates that the heat resistance has been improved after modification.
INTRODUCTION
Although waterborne polyurethane (WPU) features excellent physical and mechanical properties, good weatherability and elasticity and other advantages, it still has some deficiencies such as poor water resistance and chemical resistance and low surface glossiness (Wang, et al., 2011; Kim, et al., 2003) . At present, to improve WPU's comprehensive performance, many methods are used to modify WPU. The main WPU modification methods include WPU being modified by vegetable oil (Chang & Lu, 2012; Ni, et al., 2010) , epoxy resin (Wu, et al., 2013; Wen, et al., 2010) , organic silicone (Wu, et al., 2011) and acrylic resin (Tian, et al., 2011) , etc. Since vegetable oils are biodegradable, renewable and has the advantages of low price, wide source, good selectivity and various kinds (Lligadas, et al., 2010; Da Silva, et al., 2013; Mosiewicki, et al., 2012) , they have been gradually employed by scientists to modify WPU through introduction into the WPU chain after hydroxylation (Koieimen, et al., 2005; Xu & Xu, 2011) .
Among all the vegetable oils, Tung oil has the best air-drying property and its film has the advantages of fast drying, high hardness, good water resistance, etc (Thanamongkollit, et al., 2012) . As the literatures says (Peng & Fan, 2004; Zhou, et al., 2005) , the Tung oil modified polyurethane retains the conjugated double bonds originally owned by Tung oil. During the later period of PU film, these double bonds can take place oxidation-crosslinking reactions to form network polymer. Therefore, the PU film's chemical resistance, water resistances and surface glossiness are improved (Xiao, 2008) .
Tung oil monoglyceride (TOM, Figure 1 ) is a derivative of Tung oil. There is a long carbon aliphatic chain in its structure which can low the film surface tension (Zhan, et al., 2010) and its conjugated double bonds can take place oxidation-crosslinking reactions during the later period of film forming to form three dimensional network and then (Li & Larock, 2003; Khot, et al., 2001; Meiorin, et al., 2013) , improve the film's crosslinking density. With modifier TOM, series of TOM modified WPUs were prepared to improve WPU film's water resistance and other properties through the introduction of TOM into WPU's chain and the influences of weight content of the modifier, TOM, on WPU emulsion particle size, water absorption, hardness, thermal stability and mechanical properties were investigated (Huang, et al., 2013) . 
EXPERIMENTAL SECTION

General information
Isophorone Diisocyanate (IPDI) was purchased from Dongguan Donghao Resin Co., Ltd., China. Polytetramethylene glycol (PTMG, Mn=2000, AR) was purchased from Zhejiang Yutian Chemical Co., Ltd., China. Analytical reagents 1,4-butanediol (BDO) and dimethylolpropionic acid (DMPA) were purchased from Zhejiang Sanmu Chemical Co., Ltd., China. Dibutyl tin dilaurate (DBTDL), N-methyl-2-pyrrolidone (NMP), acetone and triethylamine (TEA) were also analytically pure and purchased from Sinopharm Chemical Reagent Co., Ltd., China. TOM was prepared according to literature (Yang, et al., 2014) . 
Preparation of the TOM modified WPU emulsion
10.0 g PTMG (5.0 mmol) was added into a 250 mL four-neck flask (assembled with stirrer, thermometer, nitrogen inlet tube and condenser) and then vacuumed at 110 ºC for 1 hr to remove the moisture. Thereafter, 10.1 g IPDI (45.5 mmol) was added into the system to react with PTMG for 1.5 hrs after the system was cooled to 70 ºC under the protection of nitrogen. Then， three drops of catalyst, DBTDL, was dropped into the reaction system and 2.0 g BDO (22.2 mmol) was drop-fed into subsequently. After reaction for 1 hr, the reaction system was cooled to 60 ºC and then 1.5 g TOM (4.3 mmol) and 1.0 g DMPA (7.5 mmol, dissolved in a small amount of NMP) were also drop-fed into the system. A certain amount of acetone was added into the system to adjust the viscosity. The reaction system was cooled to 40 ºC after continuous reaction for 3 hrs. Then, 0.7 g TEA (6.9 mmol) was drop-fed into to neutralize the reaction system for 20 mins. Finally, 46.9 g deionized water was drop-added into the flask under the condition of high-speed stirring to emulsify the reaction system. After 30 mins emulsification, the solvent acetone was removed by vacuum and TOM modified WPU emulsion was obtained. The formulas of TOM modified WPU emulsion are shown in Table 1 . Note: WPU-0, WPU-4, WPU-6, WPU-8 and WPU-10 represent that the mass fractions of TOM in the WPU emulsion are 0, 4%, 6%, 8% and 10%, respectively. The same as below.
Preparation of WPU emulsion film
The WPU emulsion was flow-casted on a plain tinplate and then dried at room temperature for three days to form the WPU emulsion film. Thereafter the film was dried in a vacuum drier for ing WPU emulsion film should be smooth and bubble-free.
Performance and test
The hardness of the products was tested by XHS Shore Hardness Tester at 25 ºC according to GB/T 2411-2008, Plastics and ebonite -Determination of indentation hardness by means of a durometer (shore hardness). Thermal stability was studied by Thermogravimetric Analyzer, programmed temperature rising method was used in a dynamic nitrogen flow of 20 mL/min from room temperature to 600 ºC at rate of 10 ºC /min. The average emulsion particle sizes were tested by Mastersize 2000 at 25 ºC and all the testing WPU emulsions' concentrations were diluted to 2% before test. For tensile test, the testing films were prepared to 30 mm×3 mm samples and then performed on CMT5105 Electronic universal testing machine at 25 ºC with stretching rate 50 mm/min to obtain tensile strength and the elongation at break. As to the test of water absorption, the testing films were prepared to 20 mm×20 mm samples and one of the samples was accurately weighed (m 0 ) and then, the sample was quickly put into a certain amount of distilled water and allowed to soak at ambient temperature for 24 hrs. Thereafter, the swollen sample was taken out and the liquid on its surface was carefully removed and its weight was accurately obtained (m 1 ). Water absorption was calculated by the following equation (1).
Besides, mean value of three replications was the response in this paper for water absorption. Table 2 is the emulsion particle sizes, water absorption and Shore A hardness, of the TOM modified WPU emulsion film samples. With the increase of TOM content, particle size of the WPU emulsion increases. It is because along with the increase of TOM content, non-polar long carbon aliphatic chain increases and the hydrogen bonding interactions among WPU's hard segment get weaken and thus, the hydrophobic chain could not be enwrapped well by hydrophilic groups (Yang, 2012) . At the same time, the lipophilic long carbon aliphatic chain may take place entanglement which would result in the difficulty of hydrophilic groups' movement and further, the hydrophilic groups may be enwrapped inside the particles. Thus, effective hydrophilic groups decrease and the particle size increases (Zhan, et al., 2010) . The water absorption of the WPU emulsion film declines with the increase of TOM content.
This indicates that the introduction of TOM into WPU emulsion system has improved its water resistance. Firstly, with the introduction of TOM into WPU, the hydrophobic long carbon aliphatic chain of TOM has decreased the water absorption of the WPU film and water resistance has been improved. Secondly, along with the modification, the conjugated double bonds of TOM take place oxidation-crosslinking reactions during the later period of film forming (Yang, 2012) , which would strengthen the combination among WPU molecular chains. The Enhancement of crosslinking degree has improved modified WPU film's water resistance further.
At the same time, the hardness of WPU films increases with the increase of TOM's content in the modification system. This may also be explained by the oxidation-crosslinking reactions taken placed during the later period of film forming. The increase of corsslinking density leads to the increase of WPU film hardness and this is in accordance with the improvement of water resistance. Figure 2 shows the influence of TOM content in WPU on the tensile performance of WPU emulsion film. Tensile strength of the modified WPU emulsion film increases with the increase of TOM content while the elongation at break decreases.
Tensile performance of WPU Emulsion film
When TOM content increases from 0% to 10% in the modification system, the tensile strength of the modified WPU film increases from 2.9 MPa to 5.4 MPa, while the elongation at break decreases from 550% to 172%. It is because along with the increase of TOM content, the crosslingking degree of the modified WPU increases which would restrict the activities of molecules of WPU and therefore, the tensile strength increases while elongation at break decreases correspondingly. 
Thermogravimetric analysis
Thermogravimetric (TG) curves of sample WPU-0 and WPU-6 are presented in Figure 3 while the differential thermogravimetric (DTG) curves of them are presented in Figure 4 . Table 3 lists the relative characteristic thermo-decomposition temperatures of WPU-0 and WPU-6 where T 1 means onset decomposition temperature, T d5% , T d15% , T d30% and T d50% represent the corresponding temperatures for thermal weight loss 5%, 15%, 30% and 50%, respectively, T max1 and T max2 are the thermo-decomposition peak temperatures corresponding to maximum thermodecomposition rates at different decomposition stages. property. This may also be explained by the oxidation-crosslinking provided by the double bonds of TOM. 
